Introduction
Since the 1950s, lung diseases have been described in association with inflammatory bowel disease (IBD), in particular ulcerative colitis and Crohn's disease. 1 In 1976, Kraft et al 2 described 6 patients in whom chronic bronchial suppuration had appeared between 3 and 13 years after the onset of IBD. Since then, all respiratory complaints in IBD patients that cannot be explained by other causes have been defined as pulmonary manifestations of the disease.
Extraintestinal manifestations of IBD have been described in almost all organs. Their incidence, which ranges from 21% to 41%, increases with the duration of the intestinal disease, and they are more common in Crohn's disease than in ulcerative colitis. 3 The coincidence of multiple extraintestinal manifestation of IBD in the same individual is higher than that expected by chance. This has led to the suggestion that they may have pathogenic mechanisms in common. 4 Greenstein et al 5 distinguish 3 groups of extraintestinal manifestations: a) those that are associated with the inflammatory process of IBD and can respond to its treatment; b) those that persist even when IBD is no longer present; and c) those that are due to nonspecific mechanisms (less frequent).
In Spain the incidence of IBD, now considered a disease of industrialized countries, has increased in the last 30 years in line with changes in the standard of living. It is currently estimated that 65 000 Spaniards suffer from this disease, but that the figure could triple within 10 years. In 1990, Hinojosa et al 6 reported an overall incidence of 9.07 cases per 100 000 personyears and an overall prevalence of 28.87 per 100 000 population. In 1992, the Catalan IBD group 7 published a survey undertaken between 1978 and 1987 that showed a prevalence of 19 cases per 100 000 population in Barcelona and 18 per 100 000 in Gerona.
In the last 10 years, many advances have been made in the understanding of the genetic contribution to IBD.
Ethnic predominance (Ashkenazi Jews), higher frequency in members of the same family, and higher concordance between monozygotic twins are 3 clear indications of the central role of genetic factors in the pathogenesis of the disease. Recently, the detailed map of chromosome 16 has allowed the identification of a gene that codes for a cytoplasmic protein called NOD2, also known as CARD15. This protein, expressed by macrophages, represents a very important discovery for the understanding of IBD.
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Pulmonary Manifestations
Although pulmonary disease represents the least frequent extraintestinal manifestation of IBD, it is likely that its true prevalence is unknown. In contrast to other extraintestinal manifestations, pulmonary deterioration is more commonly associated with ulcerative colitis than Crohn's disease.
Storch et al 9 reviewed 400 cases, of which 150 had had active pulmonary disease and a larger number had only exhibited subclinical manifestations. This review, in addition to providing a description and classification Mahadeva et al 10 studied the relationship between clinical events, physiological changes, and findings in high resolution computed tomography (HRCT) of the thorax in 17 patients with IBD (14 with ulcerative colitis and 3 with Crohn's disease) who presented pulmonary manifestations without causes that could explain their appearance. In 7 patients, colectomy had been performed due to severe disease. Dyspnea was the predominant symptom, independent of the type of disease. Some patients also presented bronchial hypersecretion. Pulmonary function was normal in 6 patients, despite the fact that they displayed radiographic signs of air trapping. In 13 patients, clear bronchiectasis was revealed by thoracic HRCT; 9 patients showed signs of air trapping, 5 had a "tree in bud" appearance, and 2 presented changes indicative of fibrosis. A single patient showed no alterations, although a diagnosis of alveolitis had been made and confirmed histologically 14 years earlier and treated effectively with corticosteroids. In this study, the use of HRCT alongside analysis of pulmonary function made it possible to detect respiratory disease early.
The difficulty in diagnosing pulmonary diseases associated with IBD is probably due to 2 main factors. Firstly, extraintestinal manifestations may present without coinciding with the onset of the intestinal disease, meaning that they are not linked by the doctor to the underlying disease. Secondly, they can be subclinical, meaning that the patient fails to notice them, does not report symptoms, and, therefore, the doctor does not investigate them. This situation can only change if the doctor bears in mind the possible association and, as a consequence, performs a focused diagnostic assessment.
The drugs used in the treatment of IBD (sulfasalazine, mesalamine, infliximab, and methotrexate) can induce pulmonary diseases as a side effect. These can be very severe and/or similar to some of the pulmonary diseases associated with IBD. They must be diagnosed early, since they improve when the implicated drug is suspended and can respond to corticosteroids. 9 
Pulmonary Manifestations in Inflammatory Bowel
Disease (Table 2) Clinical. Camus and Colby 11 provided an exhaustive description of all pulmonary manifestations (Table 3 ). In general, the most notable symptoms are cough, expectoration, and dyspnea, to which can be added dysphonia or stridor if the lesion is found in the upper airways, or pneumothorax, pneumomediastinum, or significant obstruction if it occurs in the small airway. In a very small number of cases hemoptysis has also been described. Curiously, although it is based on an inflammatory process, the bronchial response to methacholine is generally normal, and the bronchodilator test with inhaled beta agonists is not significant. Radiography may be normal or reveal narrowing of the trachea, when this is affected, or bronchial enlargements, as in chronic bronchial suppuration. Relatively frequently, bronchiectasis that is not visible in conventional radiographs can be diagnosed by thoracic HRCT. Bronchoalveolar lavage yields variable results: sometimes the presence of polymorphonuclear leukocytes or lymphocytes is revealed, whilst in other cases the results are nonspecific.
The following section describes the conditions.
Diseases of the upper airways.
Glottic and subglottic stenosis of the larynx have been described, 12 as has tracheal stenosis; 13 in these conditions, the presence of friable and hemorrhagic tissue that obstructed the airway was observed by endoscopy. Histology confirmed an inflammatory process with the presence of plasma cells, lymphocytes, and neutrophils. The principal manifestations were stridor and dyspnea. In some cases the respiratory symptoms were associated with gangrenous hypodermis, episcleritis, and mouth ulcers. The patients responded to treatment with glucocorticoids and, in some cases, the obstruction required laser treatment. [13] [14] [15] Diseases of the lower airways. Storch 10 encountered bronchiectasia in 13 out of 17 patients studied. Camus et al 13 described bronchiectasia in 6 out of 15 patients with compromised upper airways; alongside chronic bronchitis, this represented the most common manifestation. In 85% of cases, pulmonary manifestations appeared after a diagnosis of IBD had been made. In 79%, pulmonary disease appeared when IBD was inactive due to medical or surgical treatment (colectomy). In 5%, both pulmonary and digestive tract diseases appeared at the same time. Bronchoscopy revealed tissue that appeared inflamed, and biopsy performed in 12 of the 13 cases likewise confirmed the presence of lymphocytes and plasma cells in the submucosa, with squamous metaplasia sometimes infiltrated by neutrophils in the mucosa. The authors mention that these endoscopic and histological findings are unusual, and that there is a histological similarity between the colon and the airways, especially in relation to neutrophil infiltration, mucosal ulceration, and underlying chronic inflammation with the presence of plasma cells. Sputum culture did not yield significant results. Studies were based on patients who were nonsmokers and did not have a prior history of respiratory disease, who presented with coughing and high levels of mucopurulent expectoration, 16 and who did not respond to antibiotics but did respond to inhaled or systemic corticosteroids. 13, [17] [18] [19] [20] As mentioned, chronic bronchitis is the second most common condition to be associated with IBD. It differs from pulmonary suppuration in the quantity of purulent sputum produced, and from bronchiectasia in that, in addition to cough and the quantity of secretions, the latter is visualized by bronchial dilation in thoracic HRCT. 13 Camus et al 13 mentioned that, as in the case of bronchiectasia, there was no prior history of smoking in these patients, nor was there any parallel exacerbation of bronchial and intestinal symptoms; histology and the response to corticosteroids led them to think that a relationship exists between bronchial inflammation and IBD.
Disease of the small airway. The normal course of these lesions can result in irreversible damage. 7 In some cases they produce diffuse panbronchiolitis, a specific symptom that was originally described in Asians. [21] [22] [23] These diseases, as in almost all associated respiratory disorders, respond to oral, parenteral, or inhaled corticosteroids.
Panbronchiolitis, necrotizing bronchiolitis, and granulomatous bronchiolitis have been described in a small number of cases. These are diseases of the small airway that have been confirmed by biopsy in some cases. In addition, functional alterations consistent with small airway disease have been described without definitive histological evidence.
Diseases of the pulmonary parenchyma. In these cases, the predominant symptom is dyspnea. The most common manifestation is bronchiolitis obliterans organizing pneumonia, 15, 24 which normally presents with fever, general malaise, and, on occasions, thoracic pain. It is accompanied by single or multiple radiographic opacities. In some cases, biopsy is indicated in order to arrive at a diagnosis.
Other forms of interstitial disease are rare. The formation of sterile necrobiotic nodules and peripheral infiltrates with eosinophilia has been described. 13 Drugs such as sulfasalazine and mesalamine can cause similar symptoms.
Subclinical. The development of more advanced techniques has facilitated the identification of subclinical indicators of respiratory disease in patients that are as yet asymptomatic:
Induced sputum. Fireman et al 25 studied pulmonary dysfunction through induced sputum in 24 patients with Crohn's disease and 9 healthy controls. The former had varying degrees of activity of the disease; they lacked respiratory symptoms and pulmonary function tests were normal. Induced sputum from the patients with Crohn's disease contained a higher percentage of lymphocytes than found in samples from the control group. In contrast, there was no difference in the eosinophil count. Two thirds of the patients had an accumulation of CD4+ cells: CD4+/CD8+ ratio of 7.7 (2.5). The results of this study were similar to those of Bonniere et al, 26 who used bronchoalveolar lavage in 22 patients with Crohn's disease who did not display respiratory symptoms. These authors observed that 54% had an abnormal CD4+/CD8+ ratio.
Nitric oxide. Nitric oxide is a mediator of inflammation in a number of pathological processes. It is elevated in exhaled air (NOe) from asthmatic patients compared with healthy volunteers, and also in aspirated colonic gas from patients with Crohn's disease. On this basis, Koek et al 27 undertook an evaluation of NOe levels in active IBD that included 31 patients with Crohn's disease and 24 with ulcerative colitis. In addition, they assessed possible correlations between a) NOe levels and IBD activity, and b) spirometry and IBD activity in a subgroup. The authors found that NOe was elevated in active IBD, and in addition, observed a negative correlation between spirometry values and disease activity in patients with Crohn's disease.
Bronchial hyperreactivity. Ceyhan et al
28 undertook a study in 30 patients with IBD (19 with ulcerative colitis and 11 with Crohn's disease) and 16 control subjects to analyze the following: atopic state, based on skin tests; the existence of bronchial hyperreactivity, through bronchial provocation with methacholine; and the presence of functional indicators of respiratory abnormalities. The results revealed that the prevalence of allergic symptoms, positive skin tests, and functional abnormalities was significantly higher in patients with IBD. In contrast, there was no difference in the prevalence of bronchial hyperreactivity between the groups.
Herrlinger et al 29 studied 66 patients with IBD (31 with ulcerative colitis and 35 with Crohn's disease) and 30 controls using the following tests of respiratory function: forced expiratory volume in the first second, inspiratory vital capacity, ratio of forced expiratory volume in the first second to inspiratory vital capacity, and carbon monoxide diffusing capacity. The activity of IBD was also evaluated. The results revealed that pulmonary function was significantly impaired in both ulcerative colitis and Crohn's disease patients compared with the control group. No significant differences were observed between ulcerative colitis and Crohn's disease. The effect was more pronounced when IBD was active than when it was not.
Pathogenesis
The pathogenesis of IBD is only partially understood. It is thought to be the result of inadequate and recurrent activation of the mucosal immune system, initiated by the presence of the normal gut flora. 30 As mentioned, genetic factors undoubtedly contribute to the susceptibility to IBD. Nevertheless, studies of identical twins, in which only 45% of the genetic loci were concordant for Crohn's disease, suggest that the development of the disease depends on other factors. One of the factors mentioned was smoking, which appears to protect against ulcerative colitis but to increase the risk of Crohn's disease. 31, 32 The role of nonsteroidal antiinflammatory drugs has also been considered, since they can provoke exacerbations. Furthermore, there has been some speculation about the role of early appendectomy, which has been associated with a reduced incidence of ulcerative colitis. 33, 34 The gut flora is, perhaps, the most important factor in the development of the disease. Studies using animal models show that the disease does not develop in animals maintained in germfree conditions. 35, 36 Other authors propose that antigens present in the diet could also contribute. Stimulation can occur as a result of the penetration of bacterial products through the mucosa to activate dendritic cells and lymphocyte populations, thereby triggering the classical immune response. In this way, the epithelium can produce chemokines and cytokines that will recruit and activate the immune cells of the mucosa. In one way or another, the differentiation of T helper 1 cells will be induced in patients with Crohn's disease, and that of T helper 2 cells in patients with ulcerative colitis (Figure) . In Crohn's disease, the action of T helper 1 cells is characterized by the production of interferon gamma and interleukin 2, whilst in ulcerative colitis, the action of atypical T helper 2 cells results in mucosal production of transforming growth factor beta and interleukin 5. 37 Activation of the inflammatory process is accompanied by the production of a wide variety of nonspecific mediators of inflammation. These can include other cytokines, chemokines, growth factors, arachidonic acid metabolites (prostaglandins and leukotrienes), and nitric oxide. 38, 39 To date, the association of pulmonary disease with IBD has yet to be fully explained. The airways and alimentary canal have a common origin in the primitive gut, and both have a columnar epithelium containing goblet cells and submucosal glands, both of which undergo nonspecific inflammatory changes in the bronchial epithelium and in the colonic epithelium in the case of ulcerative colitis. 40, 41 Various hypotheses have been proposed in support of common pathogenic mechanisms. One interesting hypothesis postulates that common irritants (antigens), both inhaled and ingested, sensitize the lymphoid tissue of the lung and intestine, and trigger an allergic inflammatory response in both. 42 
Conclusions
The incidence and prevalence of IBD, and with it, all of its extraintestinal manifestations, is increasing in developed countries. Furthermore, reports of pulmonary manifestations of the disease are increasingly present in the literature. Nevertheless, their true extent remains unknown due to the difficulty of diagnosis. Advances in the understanding of the pathogenic mechanisms of IBD have undoubtedly been made. However, no definitive conclusions have yet been reached. Although the 2 diseases are assumed to have common pathogenic processes, nothing is known with any degree of certainty. The possibility that inflammatory lung diseases can occur in response to substances arising in the digestive tract is a little-explored line of investigation, and as such, represents a challenge for researchers interested in understanding the mechanisms involved in this type of pulmonary disease. The recent introduction of noninvasive methods with which to study the inflammatory response of the lung-such as analysis of exhaled air (nitric oxide, carbon monoxide, and markers of oxidative stress), analysis of exhaled breath condensates (arachidonic acid, cytokines, etc), and induced sputum (cytological analysis)-will allow a more in-depth and risk-free study to be performed in a large sample of patients with IBD. This will facilitate a deeper understanding of the mechanisms responsible for respiratory disease associated with IBD.
